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Abstract
Sports concussions are a hot topic in the sports community, especially among health
professionals. Pediatric sports concussions are a much more serious case due to the differences
in brain sizes that adults and children have. Children’s brains are constantly developing as they
grow and injuries to the brain can slow down their development. In order for a concussion to not
affect a child negatively proper protocol for returning to play and school should be followed.
Being educated on the symptoms, causes, management of, initial assessment and recovery can
benefit a child post concussion. This literature aims to provide the caregivers of a child (parents,
teachers and coaches) with information on proper concussion protocol.
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From a very young age children are extremely active and often do sustain injuries as a
result. Among these injuries, sport related concussions (SRC) are a hot topic. Children make up
most of the population who play organized sports and 25% of the concussions are children sent
to the ER from athletics (Meehan, Taylor,& Bachur, 2011 pg l).The reason that children
represent most of the TBI cases are because they often go unnoticed. Many coaches in little
league sports do not go through any formal training when it comes to recognizing concussions.
Another reason that concussions are a topic of discussion is that concussions are often
underreported. The prevalence of child athletes who went to the ER over a five year span was
reported in a study done by Bakhos,Lockhart, Myers, and Linakis (2010) “From 2001 to 2005,4
in 1000 US children who were aged 8 to 13 years and6 in 1000 US children who were aged 14 to
19 years had an ED visit for SRC during the 5-year study period” (Bakhos,Lockhart, Myers, &
Linakis, 2010, pg e553). In the same study done by Bakhos et al. (2010) she lists the organized
sports that SRCS occur most in “In 8- to 13-year-old children, the greatest number of ED visits
for concussion during OTS resulted from football, followed by basketball, baseball, soccer, and
ice hockey” (Bakhos et al., 2010, pg e553). Guskiewicz et al. (2003) found that 1 in 15 players
can sustain more than one concussion in a single season, therefore it is important that this topic is
studied. This paper aims to analyze sports-related-concussions. Through examining symptoms,
causes, management of, initial assessment, and recovery, this paper hopes to create awareness
and a prevention program that will benefit the people in the child’s life such as families,
educators and coaches.
A concussion is a type of traumatic brain injury; it is under the category of mild traumatic
brain injury. A concussion can be defined in a number of ways. A simple definition of a
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concussion is when a force of impact hits the head and causes it to jerk in such a way causing
symptoms such as headaches, dizziness, and sometimes loss of consciousness. Sport related
concussions (SRC) are not the same as regular concussions because they occur from “low
velocity impact, causing disorientation and confusion more often than loss of consciousness
(LOC), which is seen frequently with other mechanisms” (Meehan & Bachur, 2009 pg 114).
They often occur during games not during practices (Meehan &Bachur, 2009 115). These types
of concussions occur in many sports such as: soccer, wrestling, basketball, hockey, baseball, and
volleyball (Kirkwood,Yeates, & Wilson, 2006 pg 1360). Kirkwood et al. (2006) wrote a review
of clinical management of SRCS, he explains that the occurrence of an SRC can also occur
because of a position an athlete plays in some sports because of collision. An example of this
could be a rugby player who plays a position in the backline, whose job is tackle members of the
opposing team or score a try. Broglio and Guskiewicz (2009) explain that the severity of a
concussion can depend on a various factors such as: impact location and magnitude, previous
history of concussive injuries, learning disabilities and age.
Many individuals do not know they have a concussion because they do not recognize the
symptoms that occur as a result. There are various symptoms that can happen when an SRC
occurs. One of the most common signs that a concussion has occurred is the result of amnesia.
One of the most common symptoms of concussions is headaches (Halstead, Walter, and The
Council, 2010,pg 599). The symptoms that occur with concussions are categorized into 4 parts:
physical/somatic, cognitive, emotional, and sleep. Within these categories are various symptoms
that may occur (Halstead et al.,2010, pg 599, Kirkwood et al., 2006, pg 1360). In the physical/
somatic category some of the symptoms are: headaches, nausea, balance issues, vision problems,
sensitivity to noise and light, tinnitus, and confusion. Next the symptoms resulting in the
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cognitive category are: fogginess, amnesia, inability to concentrate, slow processing speed, and
trouble learning. The emotional category describes the athlete as more emotional, depressed,
changes in personality and irritable. Lastly in the sleep category the athlete may become sleepy
which may result in more sleep than usual, or they can have trouble sleeping which will result in
sleeping less than normally (Halstead et al.,2010, pg 599 & Kirkwood et al., 2006, pg 1360). A
concussion can last from 7-10 days. Since these symptoms may vary, so does the outcome in
age as well, that is the difference between children and adults.
The way SRCS are handled with adults must be different when compared to children. As
described by Kirkwood et al.(2006) a child cannot be categorized as a “little adult "(Kirkwood et
al., 2010 pg 1360). The reason for this is because a child’s brain is still developing. At this stage
a child does not have well developed muscles, especially in the head and neck area. Since these
muscle are not well developed the impact of a concussion affects the head more, instead of using
the muscles as “shock” support (Kirkwood et al., 2006, pg 1361). Since children advance every
day the symptoms that come along with obtaining a SRC can greatly impact a child from a
learning development perspective (Kirkwood et al., 2006, pg 1361). It is important for clinicians
to examine the child with developmental milestones that they should be reaching at that age to
ensure that the child did not sustain further injury or impairment (Mcrory, Collie, Anderson &
Davis, 2004, pg 516). The symptom aspect that is much more detrimental to children is the
cognitive one because it can hinder their ability for brain maturation, where as in an adult the
brain is already mature and has acquired knowledge (Kirkwood et al., 2006 pg 1361).
Lastly a major difference between children and adults is that children are much more
likely to develop second impact syndrome (SIS). Second impact syndrome is when a child has
not fully healed from a previous concussion, but goes back to normal athletic activity, instead of
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resting for 7-10 days and sustains another hit to the head (Solomon, Johnston, &Lovell, 2006 pg
15). This syndrome can lead to death because of brain swelling from interruption of blood flow,
which leads to enlargement of the brain causing it not to fit in the cranial cavity (Solomon et al.,
2006 pg 16). Children are more likely to sustain an SIS, therefore it is important for a child to be
properly monitored by health professionals ( Kirkwood & Yeates, 2012 , Solomon et al., 2006 pg
17). Halstead and Walter (2010) report that most of the cases that occur are under the age of
twenty (Halstead & Walter, 2010 pg 606). Solomon et al. (2006) reports that “Drs. Bailes and
Cantu estimate a SIS mortality rate approaching 50% and a morbidity rate (patients left with
disabling conditions) of nearly 100%” (Solomon et al., 2006 pg 16). The reason that deaths
happen because of SIS is that it does not take long to occur. SIS can occur within 15secsminutes, the athlete passes out resulting in a comatose state and respiratory failure (Solomon et
al., 2006 pg 16). Damage to the brainstem can occur, which is what causes respiratory failure,
can happen with two to five minutes (Solomon et al., 2006 pg 16). Guskiewicz et al. (2003)
conducted a study on collegiate football players and found that players who previously sustained
a concussion were more likely to have another occur compared to those who never sustained a
concussion. This information is important because second concussions do occur and should be
watched out for.
What changes can happen to the brain during a concussion? By studying the
pathophysiology of the brain this question can be answered. As discussed in this paper the
vulnerability of the brain to sustain a second concussion after the first is very high referring to
second impact syndrome ( Slobounov & Sebastianelli ,2006 pg 48). Slobounov and Sebastianelli
(2006) describe what can happen to the brain during a concussion in their book titled
Foundations o f Sport-Related Brain Injuries. One immediate change that occurs is that brain
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cells become damaged but are still functioning, but not at a normal level, therefore they become
weak. Other changes that can occur are: the blood flow of the brain may be affected as well as,
pressure in the brain and trouble breathing while sleeping. Another possible problem that
Slobounov and Sebastianelli (2006) discuss is the issue of metabolic cascade concussion. This
explains the reason why post injury there is still sensitivity involving the brain. During a
metabolic cascade concussion the cerebral blood flow(CBF) is limited, and the glucose levels in
the brain rise causing an imbalance (Slobounov & Sebastianelli, 2006 PG 48). Also,during a
concussion the cerebral blood flow can be lessened by 50% (Slobounov & Sebastianelli, 2006 pg
48). When CBF is decreased glucose levels rise, because of this imbalance energy crisis occurs
(Slobounov & Sebastianelli, 2006 PG 49). These changes cause low metabolism levels (Giza
&Hovda 2001 pg 228). Giza and Hovda (2001) suggest that by studying metabolic cascade post
concussion can help us determine the amount of brain vulnerability to a second concussion and
set guidelines (Giza &Hovda 2001 pg 232).
Many athletes have issues with self-reporting their symptoms, this leads to
underreporting, but because neuropsychology testing is sensitive it can detect these symptoms.
Another way that the sensitivity of neuropsychology testing helps with underreporting is when a
child athlete cannot voice their symptoms due to their age. A study was done on high school
football players by McCrea, Hammeke, Olsen, Leo and Guskiewicz (2004). In this study only
47.3 % of athletes reported their injuries (McCrea (2004) pgl35). Meehan et al. (2011) explains
that the reason that many pediatric athletic organizations have a higher rate of underreporting is
because a lack of organization, resources, and knowledge of concussion management, which
leads to self reporting from the child which, as stated earlier is not always reliable.
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The assessment of concussions has changed now teaching how to return to play. In the
recent past, the form of assessment used was a grading system. These grading systems are used
on scales that range from 0-3 (Prentice, 2009 pg 923-924).In addition, the grading systems
looked at how long an athlete was unconscious for and amnesia after the concussion (Prentice,
2009 pg 923). Statistics showed that loss of consciousness was not prevalent, it happens in less
than 10% of concussed athletes, and amnesia was shown to occur in less than 30% of
concussions (Prentice, 2009 pg 923).Some of the past grading systems used are: Cantu EvidenceBased (2001), Colorado Medical Society (1991), and American Academy of Neurology (1997)
(Prentice,2009 pg 924). Additionally, these grading systems were not very strict when it came to
testing an athlete, because the symptoms listed under lower level grades are considered serious
today, some even allow the athlete to return to play that same day (Prentice, 2009 pg 924).
Today, concussions are assessed on an individual basis, this is especially important in a child
athlete since their brain is still developing.
A more current individual assessment of an athlete that can assist with return to play is
neuropsychological testing. Neuropsychological testing is used to analyze an athletes’ brain
function by testing intelligence, memory, language, executive function, and visuospatial function
(Neuropsychological, 2012 ). There are three time frames that neuropsychological testing is
recommended to be done for a child athlete. The first is before an athlete begins a season, that
way if they sustain a concussion the physicians and neuropsychologists have baseline to compare
to an athlete’s test results, the athlete acts as their own control (Meehan et al., 2011 pg 137). If
there is no baseline information available children can be compared with other children in their
age group (Halstead et al., 2010 pg 603).The second is after a concussion occurs while symptoms
are present, so that the information can be used to inform the patient and their family (Halstead et
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al., 2010 603). The final time frame for neuropsychological testing is when an athlete shows no
signs of symptoms to show that the athlete has returned to baseline cognitive function (Halstead
et al., 2010 603). The testing can also detect symptoms even when an athlete feels completely
healed, or initially has no symptoms, because it is sensitive. (Meehan et al., 2011 pg 136). The
reason that the testing is sensitive, as described by Meehan and Bachur(2009) is because the
computerized testing has a “more precise measurement of response time” (Meehan & Bachur,
2009 pg 117,2). The testing should be done in a specific environment which needs to be quiet
with just the evaluator and athlete. Neuropsychological testing for children should be done on an
individual basis because children’s brains are constantly developing, as well as each child starts
off with their own level of cognitive abilities; it is for this reason that constant baseline
examinations should be done for children (Meehan et al., 2011 pg 137). If scores continue to be
lower than baseline scores, especially if multiple concussions occurred or if the recovery process
exceeds the recommended time frame of 7-10 days neuropsychology testing can be beneficial, by
helping identify what underlying problems still exist (Kirkwood et al., 2006 1364). Although
there is no formal scale that is fully developed for children, experts believe that neuropsychology
testing can help with underreporting of concussions, as well as planning for academics and return
to play.
Neuropsychology tests can be done with three different mechanisms: ImPACT, CogState
Sport, or HeadMinder. These three mechanisms for neuropsychology cannot be the only tools
used formulating a return to play plan (United Health Care, 2012). Other tools that should be
used when formulating a return to play plan are: symptom reporting, medical history, concussion
history, medication use, type of sport, position played, postural stability, etc (Meehan& Bachur,
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2009 pg 117,2). Furthermore, neuropsychology aims to be a good tool for a guideline of
identifying various concussion symptoms.
Another test that can be used to discover a concussion is the Sport Concussion
Assessment Tool 2 (SCAT II). The Sport Concussion Assessment Tool was made by medical
experts in the Zurich Consensus .This is a tool that can be used as an evaluation of concussions
to help medical professionals, athletic trainers, and coaches when they first respond to an athlete.
The SCAT II can be used on athletes who are ten and older (McCrory, Meeuwisse, Johnston,
Dvorak, Aubry, Molloy & Cantu, 2009 pg 45). The tool evaluates the athlete on several things
and uses certain test tools and questions to do so: questions on symptoms, Glasgow Coma Scale
(GCS), Maddox questions (sideline assessment), Standardized Assessment of Concussion (SAC)
cognitive assessment (orientation, immediate memory, concentration, and delayed recall),
balance examination, and coordination examination (McCrory et al., 2009 pg 46). The tool also
provides recommendations for the evaluator “Any athlete with a suspected concussion should be
IMMEDIATELY REMOVED FROM PLAY, urgently assessed medically, should not be left
alone and should not drive a motor vehicle” (McCrory et al. 2009, pg 45). The validity of the
SCAT II proved to be valid in face and content in a study done by McLeod and Leach (2012)(
McLeod 2012, pg 222).Moreover, SCAT II is useful because it comes as an application on
cellular and electronic devices. The benefit to this is that it makes it easier to evaluate an athlete,
since the test is portable (ITUNES, 2012). Just as neuropsychological testing the SCAT II
should not be used alone to diagnose a concussion, but in conjunction with other methods
performed by a medical professional (Echlin, 2011).
Although the SCAT II is the best assessment tool to use with pediatric athletes, a
common tool that is used with adolescents and adults is the Standardized Assessment of
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Concussion. The SAC is not a good assessment tool for the pediatric athlete because it is not
sensitive enough to detect a concussion in a child (Kirkwood & Yeates, 2012 pg 267). The SAC
gives athletic trainers and other first responders the ability to check at once if there is a
concussion present and if so how bad the cognitive damage is due to the injury (Prentice, 2009
pg 920-921). The test measures the athlete’s orientation, immediate memory recall,
concentration, and delayed recall (Prentice, 2009 pg 920-921). The SAC contains a gradedsymptom checklist, which can be useful when trying to distinguish between concussed and non
concussed children because it helps differ between dizziness, photophobia, and memory
disturbance (Kirkwood &Yeates, 2012). This appears to be the only beneficial portion of the
SAC that applies to children. As mentioned earlier, it uses a grading system which is not always
correct.
Return to play (RTP) creates a plan to help a pediatric athlete return to normal daily
living. These plans ensure that the child is resting for the allotted amount of time, not regressing,
and integrated into academics at a slower pace. The number one rule for pediatric athlete is, they
should not be allowed to play if they still have concussive symptoms of: physically, cognitively,
or behaviorally (Kirkwood et al.,2006 pg 1365). The athlete should be allowed to return to play
when these symptoms do not occur during rest or physical activity, and when their neurologic
exam and neuroimaging is unchanged (Kirkwood,2006 pg 1365). For an athlete to RTP there are
steps that they must first complete, before being cleared. The rules for these steps are as follows:
the athlete must have no symptoms and need no medication in order to advance to the next step,
each step is to be done within a period of 24 hours, and if symptoms return during advancement
of one of the steps the athlete should return to the preceding step and wait 24 hours before
proceeding to the next one (Kirkwood &Yeates 2012, pg 353). Next the steps that they must
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complete involve different activities which will ease them into the type of physical activity
needed for their sport. The first step is for the athlete to start off easy with light aerobic activity
which may consist of either walking, or using a stationary bike (Kirkwood et aL, 2006 pg 1365).
Second the athlete concentrates on key fundamental activities directly related to their sport, these
activities can include jumping in volleyball, and running in football (Kirkwood et al., 2006 pg
1365). The third and fourth steps are made up of noncontact and full contact drills where athletes
participate in practice, with a physician’s permission (Kirkwood et al., 2006 pg 1365). Lastly,
the fifth step is the athlete participating in a game. Along with the return to play steps, as
pediatric athlete academics also need to be considered.
The HeadUp guideline booklet for coaches written by the CDC (2011) recommends a
few ways to help ease the student athlete back into school: students should take frequent breaks,
given more time to complete school work, do minimal amounts of cognitive tasks such as
reading and writing (CDC, 2011). During the time of a concussion school may be hard for a
child to attend so having the support from teachers, coaches, and parents is imperative for their
recovery and success in school work (CDC, 2011). Although most children heal within the 7-10
day time frame there are a select few who still display concussive symptoms, therefore constant
monitoring of a child is needed (CDC, 2011). Kirkwood et al. (2006) reports how
neuropsychology testing can help with a plan for academics “... the additional benefit of being
able to identify cognitive deficits and assist in the development of appropriate educational
management plans...” (Kirkwood et al., 2006, pg 1364). Another main difference in adults and
children is the amount of support a child will need post concussion. A child will need support
from parents, educators, and clinicians. A whole team effort needs to go into treating a child
because a concussion can affect so many aspects of their life.
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Fast Facts
• Children make up most of the population who play organized
sports and 25% of the concussions are children sent to the
ER from athletics • (Meehan,Taylor,& Bachur, 2011 pg I).
From 2001 to 2005, 4 in 1000 US children who were aged 8
to 13 years and6 in 1000 US children who were aged 14 to
19 years had an ED visit for SRC during the 5-year study
p e r io d .

(Bathos .Lockhart, Myers, & Unakis, 2010, pgcSSJ)
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Why is this a Hot Topic?
Why is this important?
• The reason that children represent most of the Traumatic
Brain Injury cases are because they often go unnoticed,
especially in sports.
• This is because many coaches in little league sports do not go
through formal training
• Underreported

This Presentation Will...
Identify Symptoms
Causes
Initial Assessment
Management
Recovery
Create Awareness
Prevention Program
Help: Parents, Educators and Coaches
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What is a Concussion?
What is a Sport Related Concussion?
• Is when a force of impact hits the head and causes it to jerk in
such a way causing symptoms such as headaches, dizziness,
and sometimes loss of consciousness
• Sport related concussions (SRC) are not the same as regular
concussions because they occur from low velocity impact,
causing disorientation and confusion more often than loss of
consciousness (Meehan fc Bachur, 2009 pg 114).
Aconcussion rs a violent )oinn$ or
that
results in a ttolurbaixe of bf
function

v/\mvt

When Do SRCs Occur?
• Mosdy during games
• Dependable on position played because some positions endure
more collisions
• Occurs in these sports :
*1* Soccer
♦> Football
*1* Wrestling
Basketball
Hockey
♦I*Baseball
• Volleyball
(Kirkwood, Yeates, & Wilson, 2006 pg I J60)

3

5/ 8/2013

Symptoms
P h y s ic a l
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^ •C o n fu s io n

(HaUtrad ct al .2010, pg 599 , Kirkwood et al.. 2006. pg 1360)

Symptoms (Cont.)
• Can last 7-10 clays
• Most common sign: Amnesia
• Most common symptom: Headaches
(Halstead. Walter, and The Council, 2010,pg 599)

4

Children vs. Adults
• C h ild s brain is still developing
• M uscles for head and neck n ot strong enough to absorb
s h o c k

(Kirkwood rt *1., 2006, pg 1361).

• Children n eed to be exam ined based on developm ental
m ileston es

(Mcrory, Collie, Anderson & Davis, 2004, pg 516).

• Brain m aturation can be hindered (Kirkwood«*.i..2oo6Pgi36i).
The grey matter includes regions o f the brain involved in muscle
control, sensory perception such as seeing and hearing, memory,
emotions, and speech.

Second Impact Syndrome
• Is w hen a child has n ot fully healed from a previous
concussion, but goes back to norm al athletic activity, instead
o f resting for 7 -1 0 days and sustains another hit to the head
(Solomon, Johnston, JcLovcU, 2006 pg 15).

• Children are m ore likely than adults to have this (M ost cases
are under 20 yrs. O ld) (Kirkwood AtYcatcs, 2012 , Solomon e ta !., 2006 pg 17).
• Can occur w / i n 15 sec-m ins ; com atose state and respiratory
failure

(Solomon rt al., 2006 pg 16)
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Metabolic Cascade

Glucose
Cerebral
Blood Flow
(Slobounov & Srbastunclli, 2006 PG 48)

Underreporting
• Children sometimes cannot vocalize symptom due to age
• lack of organization-^1few resources “^little knowledge of
concussion management “^self reporting from the child
“^not always reliable.

6

Brief History
• Grading system s from 0-3
• Studied : U nconsciousness and Amnesia
• Statistics show ed that loss o f consciousness was n ot prevalent,
it happens in less than 10% o f concussed athletes, and
amnesia was show n to occur in less than 30% o f concussions
(Prentice, 2009 pg 923)

• N o t strict w ith sym ptom s considered serious today

Neuropsychological Testing

Intelligence I

Memory

I

Language

Executive I Visuospatial
Function I Function

(Neuropsychological, 2012 )
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Neuropsychological Testing
• Before an athlete begins season
• Baseline
• After a concussion occurs
• Information used to inform patient and family

• Shows no signs of symptoms
• Return to baseline

(Meehan et a!., 2011 pg 137), (Halstead et al., 2010
603).

Quick Facts: Neuropsychological
Testing
Brains are constantly developing: individual
assessment

Q uiet room with child and evaluator

Symptoms

J 1

DisP % "g

none

I

Sensitive

I

Healed

I

(M c elu n e u l., 2011 pg 136), (Meehan & Bachur, 2009
Pg 11?. 1)_______________________________________
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Sport Concussion Assessment Tool II
SCATII
SCAT?

• First responder to athlete

^

F IF A

S Qr £

a*™***^

• Provides recommendations
• Easy to access electronically
• Sensitive enough to test children (10+)
• Use with neuropsychological testing
(McCrory, Meeuwissc, Johnston, Dvorak, Aubry, Molloy & Cantu, 2009 pg 45)
J.

P o c k e t SCAT2

i..

^

M
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SCATT II:
What it tests
Symptoms

Cognitive
Assessment

\
Balance

V
(McCrory. Mccuwme,
Johnston, Dvorak, Aubry,
Molloy & Cantu. 2009 pg 45)

Coordination

Sideline
Assessment

9
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Return to Play

• Walking
• Stationary
Bike

• Jumping
• Running

Light Aerobic Activity

(Kirkwood ct al.,
2006 j>g 1S65)

10

#

1
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**

Return to School
• Frequent breaks
• Given more time for tasks
• Do minimal cognitive tasks: reading/writing
• Constant monitoring
• Neuropsychological testing can help

(Kirkwood el al., 2006 pg 1365), (CDC, 2011)

Take Home Message...
A child will need support from parents,
educators, and clinicians. A whole team
effort needs to go into treating a child
because a concussion can affect so many
aspects of their life.

li
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